The solubilization of non-collagenous molecules by collagenase digestion can be used as a criterion to establish the existence of aggregates between collagen and other macromolecules (Olsen et al., 1973; Wolff et al., 1971; Benya et al., 1973) . We have used collagenase digestion to obtain the non-collagenous molecules associated with a preparation of bovine nasal cartilage collagen.
The solubilization of non-collagenous molecules by collagenase digestion can be used as a criterion to establish the existence of aggregates between collagen and other macromolecules (Olsen et al., 1973; Wolff et al., 1971; Benya et al., 1973) . We have used collagenase digestion to obtain the non-collagenous molecules associated with a preparation of bovine nasal cartilage collagen.
Bacterial collagenase (Clostridium histolyticum) from a commercially available crude preparation (P-L Biochemicals, Milwaukee, Wis., U.S.A.) was purified by ion-exchange chromatography on SP-Sephadex and DEAE-cellulose, followed by gel filtration on Sephadex G-200 (V. Lee-Own & J. C. Anderson, unpublished work). The end product had negligible non-specific proteolytic activity, when analysed by the method of Peterkofsky & Diegelmann (1971) .
Bovine nasal cartilage collagen was prepared by two different methods. In the original method (A), shredded cartilage was exhaustively extracted with 0.15~-NaCI-O.02~-NaH,P04, pH7.2 (phosphate-buffered saline), followed by 3 M-MgCI, solutions (Anderson &Jackson, 1972) . In the second method (B) shredded cartilage was repeatedly extracted with 3 M-MgCI, without the initial extractions by phosphate-buffered saline. Extracts from the 3 M-MgCI, treatment were exhaustively dialysed, and the resulting precipitate was separated by centrifugation (2000g, 30min). The precipitates were extracted twice with phosphate-buffered saline to remove any readily soluble components. Very little material was extracted. The residues were analysed for hydroxyproline by the method of Woessner (1961) . Residues obtained by methods A and B contained 4.4% and 3 % hydroxyproline respectively, indicating that they had an appreciable collagen content (30-50 %).
The residues (100mg) were suspended in 0.05~-Tris-O.005~CaCI,-0.02 % NaN3, pH7.5 (9.8ml), and collagenase (200pg) was added. The mixture was incubated for 18h at 37°C. The negligible amount of undigested material was removed by centrifugation, and the soluble digest was dialysed and freeze-dried. Chemical analysis of the digests (Table 1) showed that they contained hydroxyproline. However, although several distinct protein bands were observed on polyacrylamide-gel electrophoresis, none of these corresponded to the a, 8, or y chains of collagen (Fig. 1) .
The digests were chromatographed on a Sepharose 4B column (38cmx2.5cm) in phosphate-buffered saline, at a flow rate of 12ml/h. Two peaks of absorption at 280nm were detected, one of which appeared in the void volume, and the other in the included volume. For both A and B digests, the excluded peak contained the bulk of the hexuronic VOl. 3 BIOCHEMICAL SOCIETY TRANSACTIONS acid and all the hydroxyproline was in the included peak (Table 1 ). In addition, the presence of two protein components of similar mobility was demonstrated in each preparation by polyacrylamide-gel electrophoresis (Fig. 1) .
The material containing the hexuronic acid was separated from the two protein components by equilibrium-density centrifugation in a CsClAM-guanidinium chloride gradient, initial density 1.56g/ml, at l OOOOOg for 80h at 18°C. It was isolated from the bottom eighth of the gradient after dialysis and freeze-drying. G.1.c. (Clamp et al., 1971) after methanolysis showed that glucuronic acid and galactosamine were the major components, and that small amounts of glucosamine and galactose were also present. The galactosamine/glucosamine ratio was 4.7 : 1, indicating that chondroitin sulphate was the main glycosaminoglycan present. (d) and (f) Sepharose 4B-included peak; (e) Sepharose 4B-excluded peak (identical gel for both A and B methods). Gels (b-e) inclusive show fractions obtained by method A, and gels (e-h) inclusive show fractions from method B. Electrophoresis was carried out by the method of and the gels were stained with Coomassie Blue. Cathode at top, anode at bottom.
Hence it is concluded that a high-molecular-weight aggregate of proteochondroitin sulphate is found in close association with 3 ~-MgCl,-solubilized collagen from bovine nasal cartilage. This aggregate co-precipitates with collagen on dialysis, but passes into solution when the collagen is digested away by collagenase. Obrink & Wasteson (1971) have also demonstrated a significant binding between collagen and proteochondroitin sulphate from bovine nasal septum. The now classical studies of Hascall & Sajdera (1969) may have failed to detect this association because the high molarity of CsCl(4.9M) used in the first density gradient probably dissociated the aggregate from collagen. It is therefore likely that the binding between collagen and proteoglycan complex is weaker than that between proteoglycan subunit, link glycoprotein and hyaluronic acid, since these latter molecules do not dissociate in CsCl alone.
The two proteins that were co-eluted with the proteochondroitin sulphate from Sepharose 4B and subsequently separated from proteoglycan by equilibrium-density-gradient centrifugation in CsC14M-guanidinium chloride are likely to be components of the link glycoprotein system, described in detail by Hascall & Heinegard (1974) . These authors have shown that the link glycoprotein system gives two bands close together on polyacrylamide-gel electrophoresis.
